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RESUMO
Defi ciência hídrica com ciclos de 5, 10, 15, 20, 25 e 
dias de intervalo e irrigação incluindo controle irrigado (CF), controle de saturação (CS)] foram usadas para investigar o impacto do estresse hídrico sobre o crescimento cíclico, fi torespostas fi siológicas e rendimento de variedade de arroz MR220.

O estudo também teve como objetivo determinar o cronograma de irrigação ideal para melhorar a produção de arroz. Observouse que a produção de grãos, biomassa total, spiguetas, 1000-peso de grãos, panículas totais, a mortalidade de perfi lhos, altura de planta e número de perfi lhos por planta foi reduzida com o aumento da duração do ciclo de estresse hídrico. O rendimento de grãos foi maior tanto na CF e CS condição e foi estatisticamente igual a cinco dias do ciclo de estresse. O experimento mostra que
INTRODUCTION
Rice (Oryza sativa L.) is one of the three major food crops of the world. Being grown world wide, it is the staple food for more than half of the world's population. It is a nutritious cereal crop, provides 20% of the total calories and 15% of protein requirements of world population. Besides being the cheapest source of carbohydrate and protein in Asia, it is also a good source of minerals and fi bre. Rice straw and bran are important animal feed in many countries. About 92% of the world's rice is produced and consumed in Asia (HUKE and HUKE, 1997) . A majour part of asian rice grown under fl ooded irrigation where water is the main limiting factor to increase rice production.
The lower productivity of Asian rice in most of the cases is attributed to various abiotic stresses including drought. Drought stress has now become a severe threat to ensure food security in the developing world as well as in Malaysia. Although water is required all over the growth periods of rice plant, there are some critical growth stages when drought stress impacts seriously and create a massive reduction in quantity and quality of yield. Crop responses to drought stress and its tollerence level can be measured by monitoring different physiological changes during drought period (BAJJI et al., 2001) . Plant responses to drought is complex and different morphological and biochemical mechanisms are involved within the plants during drought. These mechanisms can be (i) drought escape by rapid development which allows plants to finish there life cycle before severe water stress, (ii) drought avoidance by increasing water uptake and reducing transpiration rate (reduction of stomatal conductance and leaf area) (iii) drought tolerance by maintaining tissue turgor during water stress via osmotic adjustment which allows plants to maintain growth under water stress, and (iv) crop resistance to severe stress through survival mechanisms.
Plants respond to drought stress at the molecular, cellular and physiological levels which vary among species and genotype, length and severity of water stress , crop age and stage of development, organ and cell typ eand sub-cellular compartment (YAMAKAWA et al., 2007) . Biosynthesis of proline, is also a well-known osmo-protectant, which is related to the enzyme pyrroline-5-carboxylate synthetase (AUGE & MOORE, 2002) . The water stress resulted in signifi cant decreases in chlorophyll content and the leaf relative water content (NAHER, 2011) . The maintenance of high plant water status and plant functions at low water potential, and the recovery of plant function after water stress are the major physiological processes that contribute to the maintenance of high yield under drought stress (BOUMAN & TUONG, 2001) .
To maintain crop productivity under drought stress and ensuring food security, improved cultivation technology should be adopted to increase crop water use effi ciency. Malaysia is categorized in zone 3 in terms of water scarcity needing to increase water management effi ciency by 25-100% to meet food requirement by the year 2025. There are many approaches to improve water use effi ciency in rice including regulation of irrigation schedule or water stress cycle. Determination of proper water stress cycle is important to increase water use effi ciency and rice productivity. Therefore, the objective of the current study was to investigate the impact of cyclic water stress on growth, physiological, biochemical activities and yield of rice vatiety MR220.
MATERIALS AND METHODS
A famous Malaysian high yielding rice variety, MR220 which is very much susceptable to drought was used for this experiment. Seeds were collected from Gene bank, Malaysian Agricultural Research and Development Institute (MARDI), Malaysia. Seeds were germinated under open rainshelter with transperent plastic shade and normal atmospheric temperature. Seedlings (15 days old) were then transplanted to experimental pot containing 30kg soil of Bakau Series (EC=2.83dS m -1 ; pH=5.1) in the rainshelter house. Nine (9) healthy seedlings were transplanted in each pot. For proper seedling growth, pots were wattered ragularly upto 30 days after transplanting (DAT). The experiment was conducted in Randomized Complete Block Design (RCBD) with 4 replication. Eight water stress cycles, namely control fl ooded, control saturated, 5, 10, 15, 20, 25 and 30 days of irrigation intervals were used. Irrigation was applied 10 cm above the soil surface and for control fl ooded treatment, this level of water in the pot was maintained contineously. For control saturated treatment, water was applied just to saturate the soil (without fl ood). Standard (recommended by MARDI) fertilization rate (120kg N ha -1 , 80kg K 2 0 ha -1 and 70kg P 2 0 5 ha -1 ) and schedule was maintained during the experiment. Determination of plant growth (plant height, number of tillers and number of panicles) was carried out on randomly tagged plants. Tillers mortality (TM) was calculated using the following formula:
(1) Where, MT = Maximum number of tillers and P = Number of penicles.
Plants were harvested when 70% of rice shown ripening colour. Grain yield ha water transpired/mmolm -2 CO 2 -1 assimilated) was collected during the measurement. Soil moisture content (%) was determined using soil moisture probe (Model Delta-T Device: Theta-Probe, ML2x) before rewatering of experimental pots and relative water contents in leaves were measured on young fully expanded leaves following the procedure describe in ISLAM et al. (2011) . Lipid peroxidation was estimated by measuring the level of malondialdehyde (MDA) production using thiobarbituric acid (TBA) as described by ISLAM et al. (2011) . One gram of frozen (0.25mm) plant sample was homogenized with a mortar and pestle in 0.5% trichloracetic acid (TCA, 1mL). The homogenate was centrifuged at 9,000rpm for 20min. The supernatant (0.5mL) was mixed with 20% TCA (2.5mL) containing 0.5% TBA and heated in a boiling water bath for 30min and allowed to cool in an quickly ice bath . The supernatant was centrifuged at 9,000rpm for 10min, and resulting supernatant was used for determination of MDA content using spectrophotometer at 532nm wavelength. To determine the accumulation of leaf proline, 0.5g of frozen leaf sample was ground in 5ml ethanol (95%). Upper zone of the solution was washed with ethanol (70%) and centrifuged at 3500rpm for 10min and prolin accumulation was measured on a spectrophotometer at 515nm wavelength. The experiment was arranged in a randomized complete block design (RCBD) with eight treatments and four replications. Data was analyzed using SAS software version 9.1 and significant differences among the treatments were compared using Duncan Multiple Range Test (DMRT) at 5% level of probality.
RESULT AND DISCUSSION
The water stress have remarkable influence on growth and yield components of rice (Table 1) . It was observed that yield, total biomass, filled spikelet, 1000grain weight, total panicle, tillers mortality, plant height and number of tillers reduced with increased duration of water stress cycle. Grain yield was highest under both in continuously flooding (CF) and continously saturated (CS) (10.40 tones h -1 ) conditions. However grain yield rice yield reduced by 14% for both 5 and 10 days of water stress cycle compared with CF and CS. There were no significant difference in total plant biomass between CF, CS and 5 days of water stress cycle. It was found that 5 days of water stress cycle produce rice CF=control flooding; CS = control saturated; WSC, water stress cycle; ± mean standard errors; means followed by different letters in a column differ significantly.
plants with the highest plant height and 1000 grainweight. However, the tillers mortality rate also increase with increasing duration of water stress cycle. The increased yield of rice under short water stress cycle might be due to increased biomass, filled spikelet, 1000grain weight, total panicle and tillers number. The decrease of rice yield and plant morphology with increasing water stress was also observed by WAN et al. (2009) . In the current study,it was observed that the biomass and filled spikelet was not effected for 5 days of irrigation difference, exceding this time, there would be reduction of the biomass and filled spikelet percentage and also reduce yield. Cyclic water stress had significant influence on chlorophyll contents in rice (Table 2) . It was also observed that increased duration of water stress can significantly reduced total chlorophyll content as well as chlorophyll a/b ratio and the similar result was also supported by a study from NILSEN & ORCUTT (1996) . Some previous research has also indicated that water stress increase the plant electrolyte leakage and thus reduce chlorophyll content in leaves (PETROV et al., 2012) . Water stress have signifi cant effect on free proline and maliondialdehyde content in rice (Table 2 ). Proline and MDA content increased with the increased duration of water stress. According to BLACKMAN et al. (1995) , the accumulation of free proline is an indication of reduced osmotic adjustment ability in plant due to water stress. Moreover, some previous reports claims that activation of pyrroline-5-carboxylate synthetase (an enzyme from proline biosynthesis) increased in longer drought period (SANADA et al., 1995) . The formation of malondialdehyde (MDA) was considered as a measure of lipid peroxidation that was induced by water stress. MDA, a decomposition product of polyunsaturated fatty acids hydroperoxides, is a suitable biomarker for oxidative stress.
Water stress have significant effect on leaf gas exchange in rice variety MR220 (Table 3) . It was also observed that there were no significant different between continuously flooding (CF) and continously saturated (CS) condition in net photosynthesis, transpiration rate, WUE and Fv/Fm values. Therefore it can be stated that rice variety MR220 do not require flooding irrigation as it is necessary for most of the traditional rice varieties. Water stress cycle reduced net photosynthesis by 5, 10, 16.8, 21, 27 and 62 % for 5, 10, 15, 20, 25 and 30 days of stress periods respectively when compared to continously flooding (CF). It was also observed that WUE was higher at 25 days of water stress cycle (12.48 µmol), which reduceto 16.8 % at 30 days of water stress cycle. Longer duration of stress would increase photochemical quenching of rice which cause decreased fv/fm value. Transpiration rate have positive correlation with net photosynthesis rate ( Table 3 ). The similar result was also observed by other researchers in rice (CENTRITTO et al., 2009 ). Leaf gas exchange was always higher under flooding condition (CF) followed by saturated condition (CS) and lower water stress cycle. Stomatal responses has been associated with chemical signals, particularly to the synthesis of ABA, which regulate the rate of transpiration and plant moisture status (GRIGG et al., 2000) . In the present study, rice growth under saturated and flooding condition, showed a consistent increase in photosynthesis rate, stomatal conductance and water use efficiency. Cyclic water stress has remarkable effect on soil moisturecontent, RWC in leaves and water productivity in rice (Table 4) . Generally soil moisture and relative water content was higherunder CF which reduced to 73, 70, 68, 60, 20, and 16% for 30, 25, 20, 15 , 10 and 5 days of irrigation cycle respectively. This showed that maintaining high soil moisture can also enhance RWC in leaves and water productivity of rice (KUDOYAROVA et al.)
CONCLUSION
The results of the present study have indicated that the increase of water stress cycle reduces yield of rice. It was also found that proline accumulation and maliondialdehyde contents in leaves increased and chlorophyll content reduced with increased duration of water stress cycle. It was observed that the biomass and fi lled spikelet is not effected for 5 days of irrigation difference, exceding that time, it would reduce the biomass and fi lled spikelet percentage and also reduce yield. Therefore it can be stated that rice variety MR220 do not require fl ooding irrigation as it is necessary for most of the traditional rice varieties, whereas irrigation cycle of 5 days intervel is more appropriate to increase water use and higher yield for rice variety MR220. 
